Objectives There is a dearth of studies examining the relationship between research output and other socio-demographic indicators in the Gulf Cooperation Council (GCC) countries (Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, and the United Arab Emirates). The three interrelated aims of this study were, first, to ascertain the number of biomedical publications in the GCC from 1970 to 2010; second, to establish the rate of publication according population size during the same period and, third, to gauge the relationship between the number of publications and specific socio-economic parameters. Methods: The Medline database was searched in October 2010 by affiliation, year and publication type from 1970 to 2010. Data obtained were normalised to the number of publications per million of the population, gross domestic product, and the number of physicians in each country. Results: The number of articles from the GCC region published over this 40 year period was 25,561. Saudi Arabia had the highest number followed by Kuwait, UAE, and then Oman. Kuwait had the highest profile of publication when normalised to population size, followed by Qatar. Oman is the lowest in this ranking. Overall, the six countries showed a rising trend in publication numbers with Oman having a significant increase from 1990 to 2005. There was a significant relationship between the number of physicians and the number of publications. Conclusion: The research productivity from GGC has experienced complex and fluctuating growth in the past 40 years. Future prospects for increasing research productivity are discussed with particular reference to the situation in Oman.
H ealth related research determines the extent and burden of health problems, establishes the clinical and epidemiological profiles of different diseases, and determines the efficacy of therapies. 1 Such research leads to a better formulation of health policy planning and management, and has a direct impact on improving patient care. 2 Globally, there is a huge gap in research output between industrialised countries and emerging economies. 3 The USA, the UK, some Western European countries and Japan contribute the majority of papers published in high impact journals. Research papers produced in these geographical regions are likely to be highly cited. 4, 5 This is a paradox since 80% of the global population lives outside the countries which contribute 98% of scientific output. 6 In general, compared to other countries, Arab countries do not fare well in international comparisons of biomedical research. [7] [8] [9] This has been attributed to the political instability that is besetting the region which does not create an environment conducive to progress in science and the development of a knowledge-based society. 10 According to Fergany, "The Arab region also has far fewer researchers and engineers, and produces fewer scientific publications, than any other world region, apart from sub-Saharan Africa" (p. 33). 9 However, to put all Arab countries into one category is erroneous, despite their common heritage and language, given that the multiplicity of factors contributing to growth in medical research will vary from country to country. Given this diversity among Arab countries, it would be better to compare those countries that may have some socio-economic characteristics in common.
Health care facilities and research institutes in the Arabian Gulf countries (Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, and United Arab Emirates [UAE]), formally known as the Gulf Cooperation Council (GCC), have witnessed significant growth in the last 40 years. In the case of Oman, the World Health Organization has ranked it as the most "efficient" health care system in the world. 11 Postnatal care and coverage is the highest among the Arab nations 12 and the country has generally triumphed over the traditional enemies of health such as communicable diseases, 13 even though it is now facing the emerging challenge of 'diseases of civilization' .
14 Such a trend has coincided both with an increased number of physicians in the country and an improved standard of living, a result of growth in gross domestic product (GDP). 15 However, to our knowledge, no study has been done in the GCC to document the relationship between current trends in biomedical publications output and socio-economic factors. Previous studies have either focused on an individual country 16 or have compared the GCC region with non-GCC countries. 8 Similarly, earlier attempts to quantify trends in publication output in the GCC were limited to descriptive analysis. [16] [17] [18] GCC countries represent a fertile ground for examining the relationship between economic indicators and research output. These countries share sociopolitical outlooks, but their stage of economic development varies. Therefore, studies are needed to evaluate medical research against demographic and economic indicators. In the past four decades, these countries, like other emerging economies, have witnessed unprecedented economic growth fueled by the exploitation of hydrocarbons. The interrelated aims of the present study are to ascertain the number of biomedical publications from the GCC in the period 1970 to 2010 in order to calculate the rate of publication per million of the population (PPMP) per year in this period, and to examine the relationship between the number of publications (PPMP) and the number of physicians per 1,000 and GDP per capita. Additionally, this study endeavours to extrapolate the trends in the GCC with some reflection on the situation in Oman.
Methods
Electronic databases provide a good estimate of biomedical publication productivity. Medline is the most widely used international database for health research. The Medline database was searched during the last week of October 2010. The search strategy included search by affiliation, years and publication The trends in publication numbers for each five year period were extrapolated using the period interface limits in Medline. We limited the publication type to journal articles. Data obtained were normalised to the number of publications per million of the population (PPMP), GDP, and the number of physicians (per hundred of the population) in each of the countries. These demographic and economic indicators were retrieved from the World Bank.
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The data were analysed using Microsoft Excel (Microsoft Office 2007).
Results
The number of articles for the GCC published over the 40 year period 1970 to 2010 was 25,561. Saudi Arabia had the highest number of publications followed by Kuwait, the UAE, and then Oman. Figure 1 presents the absolute number of publications retrieved from the Medline database.
The average size of the population for each country from 1970 to 2010 was calculated and the normalisation to PPMP per year is presented in Figure 2 . Kuwait had the highest number of publications when normalised to population size, followed by Qatar. Oman was the lowest in this ranking.
Overall, all the countries showed a positive trend. Medical research output has been blooming in Qatar, showing a strong positive trend for the period 2000 to 2010. Oman had a significant increase in the number of publications in the period 1990 to 2005; however, the trend has plateaued in the last five years. A similar observation was noted in both Saudi Arabia and the United Arab Emirates for the last 10 years [ Figure 3 ]. In Kuwait, there was a negative trend in the early and mid 1990s, probably due to the second Gulf war.
The third interrelated aim of this study was to gauge the research output (PPMP) against the number of physicians per 100 and GDP. The GDP per capita averages for every five year interval and the average number of physicians per 100 of the population for the same interval were calculated, and then the correlation between these parameters examined independently and the PPMP extrapolated. There was a significant positive correlation between the number of publications and number of physicians (r = 0.69, P <0.05) and a similar positive correlation between PPMP and GDP per capita (r = 0.26, P = 0.08), but it was not statistically significant. Figure 4 shows the comparison in respect to the 40 year averages of these three parameters.
Discussion
This study is, to our knowledge, the first detailed analysis of publication productivity in the GCC which traces the research trend over the last 40 years. There are several factors that determine the medical bibliometric productivity in any country, which include, but are not limited to, population size, the number of physicians, and economic status. We corrected the total number of publications with some of these parameters in order to elicit national differences. These parameters have been used by several studies in order to normalise bibliometric productivity. 20 Saudi Arabia had the highest overall publication rate followed by Kuwait, the UAE and then Oman. In order to audit the present findings, we used the SCImago Journal & Country Rank, to retrieve the citations of all documents published in the period 1996-2010 from GCC countries.
21 Table 1 shows the rank of each of these countries according to the citations. It is observed that the citation ranking is similar to our initial approach as depicted in Figure 1 . The percentage of self-citations of these countries is lower than 14%. The H index (Hirsch index) measures both the productivity and impact of the work published, integrates the number of publications and the number of citations per publication and serves as a very good tool for examining the quality of research. Saudi Arabia has had the highest H index while Bahrain has had the lowest H index.
When the publication rates were scrutinised against socio-economic indicators, the productivity changed. Kuwait had the highest rate and Oman the lowest. All the countries showed a positive trend in general over the past 40 years. The trend changed in the period 2001-2005 in Oman when it increased to become equal to that of the UAE. The trend has remained the same for the last ten years in both Saudi Arabia and the UAE. 22 It is very interesting to note that the rate became linear for all countries after 2005 with the exception of Qatar. This was period when Qatar instituted massive investment in research and development (R&D). 23 However, the relatively small absolute number of publications from Qatar, together with a surprisingly large number of physicians in that country, compared to the rest of the GCC, may make this a spurious result. Future studies need to provide mechanisms to counter such inherent limitations. Nonetheless, it is possible that this significant change may have stemmed from the fact that, in Qatar, R&D has been given preference over tourism and real estate development. 24, 25 In addition to PPMP, there is an indication that many social and economic factors play a pivotal role in research output. These include GNP, the number of physicians, public expenditure in the health sector, health expenditure per capita, expenditure on R&D, the number of personnel (scientists and engineers) in the R&D sector, and the number of indexed journals published.
Rahman and Fukui surveyed global research productivity in 166 countries right across the economic divide and showed that there is a critical relationship between GNP, resources allocated to R&D, and the quality and quantity of biomedical publications.
1 Such a link was indirectly explored in the present study. Qatar had the highest GDP per capita compared to other GCC countries, while Oman had the lowest. However, the paradox here is that despite the fact that these countries are 'high income' according to global standards, the number of publications they produce leaves much to be desired, with the exception of some medical research subspecialties. 26 Within the GCC, the differences could be a result of resource allocation. In 2010, for those countries where information is available, Qatar spent 2.8% of GDP on R&D, while Saudi Arabia and Kuwait spent 0.05 and 0.09%, respectively. An additional reason for Qatar's success may be that the country has the highest number of physicians per 100 of the population. This, in turn, may also explain the presently noted linear growth in Qatar's publication numbers.
There are some obvious limitations to the present study that need to be acknowledged. First, while Medline is a premier database for biomedical sciences, there are a number of medical publications that are not featured in it. With a few exceptions, many of the medical publications in the GCC region are not indexed in Medline. There is also a concern that research from developing countries, including those in this study, do not get favourable editorial consideration in the major journals featured in Medline. 6 If this is really the case, then it could be extrapolated that the visibility of articles from the GCC would be inevitably be affected. This would also mean that the number of publications and their impact on scientometrics is likely underestimated. 27 However, even if such misgivings are accepted, the present quest has heuristic value since the aim was to compare the biomedical research trends among GCC countries. Secondly, in order to compare adequately the trend in GCC countries, it would be essential to include local journals; however, many of the local journals are not yet indexed. This is a paradoxical situation for biomedical research in this region. On one hand, the local journals are finding it extremely difficult to get indexed while, on the other hand, research from this part of the world does not get international exposure. Despite such caveats, some GCC countries have benefitted from having their local medical journals indexed by Medline, thus adding to the total number of publications. In the period under review, Saudi Arabia published 4,197 articles in indexed GCC journals, Kuwait published 411 articles, Qatar published 69 articles, the UAE 32, Bahrain 88 and Oman 138 articles. The third limitation worth considering is that, although the present study has examined trends in publications against certain socio-economic indicators, in the parlance of scientometrics, the citation index or impact factor is the sine qua non of good research. The present study has not taken on board either the citation index or the impact factors of the articles in the Medline from the GCC region. It would also have been helpful to consider the relationship between the number and history of medical schools in the region and their relationship to the number of publications. Common sense teaches us that more research centres or, in the present parlance, a greater number of medical schools, would translate into more research activity and hence, an increased number of publications. It is also possible, however, that most of the academic centres in the region are more interested in teaching than pursuing academic research. 6 However, since such a line of thought was not central to the present study, it would need to be addressed in a future study. Last but not least, it is possible that generalisation of the present study could be hampered by the fact that the search for the publications was partly based on the affiliations of the authors. In some journals, an affiliation is only provided for the corresponding author. Therefore, the possibility remains that there are more publications that originated from GCC countries than were reported in this study.
Despite the aforementioned caveats, it is right to acknowledge the achievements so far and delineate the hurdles still to be overcome in the GCC region. There is an urgent need to increase institutional support for R&D following the model of Qatar. 28 In the context of Oman, allocating more research funding would be essential, if not paramount. Such an undertaking should be enshrined in the policies for R&D development. There are already some good examples in this regard, for example, Oman established a Research Council in 2005. 29 Despite its infancy, this body has funded some strategic research projects that have a direct bearing on biomedical sciences. 30 The expected outcome of these projects is an increase in the number of publications which should further help to put Oman on the world map of biomedical publications. In tandem with the Oman Research Council, the Oman Medical Specialty Board and the College of Medicine & Health Sciences at Sultan Qaboos University encourage research in all phases of medical education. The explicit goal here is to equip the future cadre of Oman health professionals with research skills. Conversely, and relevant to Oman, there are some issues to be contemplated. First, it should be acknowledged that there are a number of biomedical journals in Oman and, as in other GCC countries, concerted efforts should be made to feature these journals in various indexes, especially Medline, so that GCC publications are accessible to the global audience. Second, it is essential to improve the existing research culture in the region. Health professionals and those in allied fields should be given incentives to pursue research as a career option, and the path towards tenure should be based on merit rather than on the existing form of 'academic nepotism' . Another constraint on the development of biomedical research is the idea that health care should focus on dispensing services. Notwithstanding such a view, research could contribute to the betterment of just those services. The establishment of a knowledge-based health care system would have many positive implications. For example, a medical curriculum could be developed to reflect the prevailing sociodemographic and epidemiological trends in the country. This would likely result in evidence-based allocation of resources and the establishment of an enlightened health care system in the country.
